The three-dimensional organization of ribosomal genes and the architecture of the nucleoli vary with G1, S and G2 phases.
The three-dimensional (3-D) organization of the nucleolus, a defined nuclear territory containing tandem repeats of the ribosomal genes (rDNA), was investigated in PtK1 cells. Identification of the interphase stages was performed in single cells using DNA quantification by cytometry for the G1 and G2 phases while the S phase was identified by immunolabelling of the proliferating cell nuclear antigen (PCNA). The 3-D organization of the rDNA in the nucleolus was analyzed by fluorescence in situ hybridization using confocal microscopy. All the rDNA was located inside the nucleolar structures during all stages and the two rDNA loci were orthogonal. The rDNA was heterogeneously distributed in each nucleolus during G1, S and G2, with alternate sites of clustered genes (spots) and of genes in more extended configurations. The number of spots (4 to 6 in G1) increased during S phase (7 to 12) and their 3-D organization was progressively relaxed from G1 to G2. Double spots in G2 could reflect a similar gene organization of two chromatids. During mid-S phase, PCNA co-localized with some clustered genes (spots), indicating that rDNA replication occurs inside nucleoli and at different sites of the same locus simultaneously. The evaluation of the rDNA transcription units in 5,6-dichloro-1-beta-D-ribofuranosylbenzimidazole (DRB)-treated cells indicated a mean of 16 units per G1 nucleus and 25 units per G2 nucleus. For G1 and G2, the fine 3-D structure of nucleoli was reconstructed using ultrathin serial sections after specific contrast of DNA and RNA, digitization of the serial section images and computer-assisted 3-D architecture. Fibrillar centers (FCs) formed discrete structures (about 10 in G1 and 20 in G2) connected by a network of the dense fibrillar component. The 3-D arrangement of the FCs in G1 and G2 are similar to the rDNA spots. In conclusion, the architecture of the nucleoli during interphase reflects the distribution of the rDNA that is characterized by alternation of clustered and extended genes.